Environments associated with prior drug use provoke craving and drug taking, and set the stage for lapse/relapse. Although the neurobehavioral bases of environment-induced drug taking have been investigated with animal models, the influence of drugenvironments on brain function and behavior in clinical populations of substance users is largely unexplored. Adult smokers (n = 40) photographed locations personally associated with smoking (personal smoking environments; PSEs) or personal nonsmoking environment (PNEs). Following 24-h abstinence, participants underwent fMRI scanning while viewing PSEs, PNEs, standard smoking and nonsmoking environments, as well as proximal smoking (eg, lit cigarette) and nonsmoking (eg, pencil) cues. Finally, in two separate sessions following 6-h abstinence they viewed either PSEs or PNEs while cue-induced self-reported craving and smoking behavior were assessed. Viewing PSEs increased blood oxygen level-dependent signal in right posterior hippocampus (pHPC; F 2,685 = 3.74, po0.024) and bilateral insula (left: F 2,685 = 6.87, p = 0.0011; right: F 2,685 = 5.34, p = 0.005). In the laboratory, viewing PSEs, compared with PNEs, was associated with higher craving levels (F 2,180 = 18.32, po0.0001) and greater ad lib smoking (F 1,36 = 5.01, p = 0.032). The effect of PSEs (minus PNEs) on brain activation in right insula was positively correlated with the effect of PSEs (minus PNEs) on number of puffs taken from a cigarette (r = 0.6, p = 0.001). Our data, for the first time in humans, elucidates the neural mechanisms that mediate the effects of real-world drug-associated environments on drug taking behavior under conditions of drug abstinence. These findings establish targets for the development and evaluation of treatments seeking to reduce environment provoked relapse.
INTRODUCTION
Environments associated with prior drug use increase craving and provoke relapse in addicts (O'Brien et al, 1992) . Clinicians and recovery programs have long recognized the powerful influence of environmental contexts and often counsel drug users to avoid or learn to effectively cope with being in places associated with past drug use (Stalcup et al, 2006) . Although extensive animal research has investigated the neurobiology of preference for, and reinstatement of drug seeking in, drug-associated environments (Fuchs et al, 2008; Marchant et al, 2014) , very little is known about the neural substrates of exposure to drug-related environments in humans. Such an understanding is critical in developing and evaluating novel interventions that specifically target relapse triggered by drug environments in clinical populations.
The neural substrates underlying the learning and retrieval of drug-environment associations have been investigated with animal models in which environments are paired with drug effects (eg, conditioned place preference; CPP; (Aguilar et al, 2009; Liu et al, 2008; Napier et al, 2013) ) or reinforcement (eg, context-induced reinstatement; CIR; (Fuchs et al, 2008; Marchant et al, 2014) ). Neuropharmacological studies of drug-environment associations using these paradigms implicate brain regions broadly involved in conditioned reward including the amygdala, medial prefrontal cortex (mPFC), striatum, and insula (Bossert et al, 2011; Fuchs et al, 2005; McLaughlin and See, 2003; Otis et al, 2014) . However, one region-the dorsal hippocampus (dHPC)-has been singled out as having a potentially selective and critical role in drugcontext learning (Fuchs et al, 2005; Meyers et al, 2003 Meyers et al, , 2006 Ramirez et al, 2009) . In an earlier study (Meyers et al, 2003) , inactivation of the dorsal but not ventral HPC attenuated cocaine CPP. In another study, Fuchs et al (2005) found that dHPC inactivation attenuated contextual reinstatement of drug seeking, but did not attenuate reinstatement in response to an explicit conditioned stimuli (CSs) or to a priming dose of drug. These and other studies of context/environmentreward conditioning (Meyers et al, 2006) are consistent with hypothesized functional specialization of the dHPC (analogous to posterior HPC (pHPC) in humans) in forming and retrieving fine-grained representations of the environment bound to salient motivational stimuli (eg, rewards) (Poppenk et al, 2013; Strange et al, 2014; Wolosin et al, 2012) .
The present study of human smokers was designed to extend prior animal research by evaluating the effects of exposure to smoking-related environments on activation in HPC and other brain areas involved in conditioned reward (ie, amygdala, mPFC, insula, striatum), and to examine correlations between brain reactivity, cue-provoked craving, and smoking behavior. We employed a previously validated paradigm (Conklin et al, 2010) , in which smokers are exposed in the laboratory to their personally generated pictures of the places, in which they typically smoke or refrain from smoking. In prior research we found that exposure to personal smoking environments (PSEs) evoked greater cueinduced craving compared with personal nonsmoking environments (PNEs), as well as standard (non-personal) smoking and nonsmoking environments (Conklin et al, 2010) . In the present study, we hypothesized that viewing smoking-related cues would increase blood oxygen leveldependent (BOLD) signal in conditioned reward areas, as identified in prior neuroimaging studies (Kuhn and Gallinat, 2011) , but that PSEs would selectively increase BOLD signal in pHPC-a region analogous to the dHPC in rodents.
MATERIALS AND METHODS

Overview of Study Design
In the study, participants completed five sessions in the following order: (1) a screening session in which inclusion/ exclusion criteria were evaluated; (2) a training session in which participants learned about the picture taking protocol and underwent a mock fMRI session; (3) a brief camera dropoff visit; (4) a cue-exposure fMRI session following 24-h abstinence to assess neural reactivity to all cues; and (5 and 6) two cue-exposure sessions conducted outside of the scanner during which self-report craving and behavioral reactivity (eg, number of puffs) to personal smoking and nonsmoking environment cues were assessed in separate sessions.
Participants
Forty smokers between the ages of 18-55 years were recruited from the community and completed the fMRI session of the study. Inclusion criteria for all subjects included being right handed, free of serious health problems, not currently using psychoactive medications, not having any conditions making MRI research unsafe, testing negative for illicit drug use, and among females, having a negative pregnancy test. Participants were required to smoke ⩾ 5 cigarettes/day for 41 year, have an expired CO concentration of ⩾ 9 p.p.m. or a positive urine cotinine test of ⩾ 100 ng/ml (⩾3 on Nicalert urine test strip), no current use of any nicotine products other than cigarettes and report no immediate interest in quitting. All participants read and signed an IRB-approved informed consent form.
Picture Taking Protocol
After meeting all study inclusion/exclusion criteria, participants were trained to take pictures of personal smoking (PSEs) and nonsmoking (PNEs) environments. Using methods validated in a previous study (Conklin et al, 2010) , each participant was interviewed to determine four to five specific environments in which they frequently smoke (ie, smoke at least 7 out of 10 times they are there) or refrain (smoke o3 out of 10 times there). They were then given a digital camera and trained to acquire four pictures of each environment, two approaching and two within (see Supplementary Figure S1 ). Upon returning the camera, study staff reviewed all pictures to determine picture content and quality. As needed, pictures were photo edited to remove proximal smoking cues (eg, ashtrays, packs of cigarettes) and any people.
fMRI Session and Task
As in prior research (McClernon et al, 2009) and to maximize brain reactivity, participants were required to be 24-h abstinent at the start of the fMRI session as confirmed by breath carbon monoxide level ⩽ 6 p.p.m. fMRI task stimuli ( Figure 1) were the personal pictures acquired by each participant, a set of standard smoking and nonsmoking environments from a previously validated set (Conklin et al, 2008 (Conklin et al, , 2010 and proximal cues depicting smoking (eg, cigarette, ashtray) and nonsmoking (eg, pencil, pad) objects. Pictures were presented in the scanner in a block design format (block length = 16 s; four pictures per block). Stimulus duration within each block varied from 3-5 s. After each block, participants were asked to rate their craving on a scale from 1 (not at all) to 8 (extremely) with a bimanual response pad. Inter-block intervals were 16 s in length. A total of 60 blocks (10 per category) were presented across 4, 8.3 min runs. Each stimulus was presented twice and the order of blocks and runs was counterbalanced.
fMRI Acquisition, Preprocessing and First Level Modeling
See the Supplementary Information for additional fMRI acquisition detail. BOLD images were acquired using gradient-recalled inward spiral pulse imaging with K-space trajectory on a 3T scanner. BOLD signal underwent preprocessing in FSL version 5.0.1 (Jenkinson et al, 2012) : (1) rigid-body motion correction using MCFLIRT (Jenkinson et al, 2002) ; (2) slice-timing correction; (3) spatial smoothing using an 8 mm FWHM Gaussian kernel; (4) high-pass filtering; and (5) registration to standard space using FLIRT. Each block was modeled as a boxcar function with duration of 16 s convolved with double-γ hemodynamic response function.
fMRI Data Analysis
Region of interest (ROI) analysis. In view of the functional heterogeneity of the HPC along the anterior-posterior axis (Poppenk et al, 2013; Strange et al, 2014) , separate hippocampal region of interests (ROIs) were generated for anterior and posterior HPC. Bilateral aHPC and pHPC ROIs were defined following a prior study of aHPC and pHPC connectivity (Chen and Etkin, 2013) , taking the anterior-most third and posterior-most third of an HPC ROI consisting of voxels with a 460% likelihood of being in HPC (as defined by the Harvard-Oxford probabilistic structural axis). The following additional ROIs, chosen a priori based on preclinical research (Bossert et al, 2011; Fuchs et al, 2005; McLaughlin and See, 2003; Otis et al, 2014) , our previous neuroimaging studies (McClernon et al, 2005 (McClernon et al, , 2007 (McClernon et al, , 2009 ) and metaanalysis (Engelmann et al, 2012; Kuhn and Gallinat, 2011; Tang et al, 2012) of cue-reactivity, were created in PickAtlas (Maldjian et al, 2003) : (1) ventral striatum (5 mm radius sphere centered on ± 6,4, − 5); (2) amygdala (anatomical); (3) insula (5 mm radius sphere centered on ± 38,10,6); (4) mPFC inclusive of portions of rostral anterior cingulate cortex (5 × 10 × 10 mm box centered on ± 5, 40, 10); and (5) PCC (5 × 5 × 10 mm box centered on ± 5, − 60,20). See Supplementary Figure S3 for visual depictions of the ROIs selected for analyses. Mean percent BOLD signal change values were extracted for each block type and ROI and submitted to a general linear mixed model (GLMM) with subject-level Gaussian random effects, and with CATEGORY (personal environment, standard environment, proximal) and CUE (smoking, nonsmoking) as fixed factors. Given the specificity of our HPC hypotheses, tests involving those ROIs were evaluated at α = 0.05; tests involving all other ROIs were evaluated at α = (0.05/10 ROIs) = 0.005.
Exploratory whole-brain analysis. In addition to ROIbased analysis, three exploratory whole-brain analyses were conducted to identify non-hypothesized effects (ie, reduce risk of Type II error) and contribute data to future meta-analyses. First, we examined activation that was greater in response to PSEs compared with PNEs. A second analysis was conducted to identify cue-provoked brain activation that was greater in response to viewing PSEs compared with standard smoking environments minus any effects of viewing nonsmoking environments: (personal environments (smoking4non-smoking)4standard environments (smoking4nonsmok-ing)). Finally, we searched for activation that was greater in response to viewing any smoking environments compared with proximal smoking cues (personal or standard environments (smoking4nonsmoking)4proximal (smoking4non-smoking)). A cluster-corrected threshold of z = 3.1, po0.05 was employed. Functional connectivity analysis. To identify networks of brain regions associated with PSE reactivity and smoking behavior, an exploratory probabilistic independent component analysis on BOLD signal acquired during the task was conducted in FSL MELODIC (see Supplementary Information for details). A single component that included both hippocampal and insula ROIs was identified and correlations between intrinsic connectivity in these ROIs and the effects of PSEs on smoking behavior were assessed.
Cue-Exposure Sessions
The behavioral and subjective effects of viewing the personal environment cues were assessed within 1 month of the fMRI session in two separate laboratory sessions-one using PSEs; the other using PNEs (order randomly assigned and counterbalanced; occurring a median of 7 and 14 days post-fMRI session). In order to minimize ceiling effects on self-reported craving and as in a prior study, participants were required to be only 6-h abstinent at the start of each session as indicated by a breath CO level that was 60% of their screening CO level (Conklin et al, 2010) . Following assessment of baseline breath CO and craving, participants were seated in front of a 21-inch computer monitor. They were instructed to focus intently on the environments displayed on the screen. Following an initial 2-min exposure to cues, after which cue-induced craving was assessed, participants viewed cues for an additional 12 min during which they were given ad libitum access to their cigarettes and were informed that they could smoke freely. During this ad lib smoking period, participant behavior was video recorded and the following variables later coded by raters: no. of cigarettes smoked, latency to first puff and number of puffs. Following the ad lib period, cueprovoked craving and breath CO levels were assessed a final time. Data were entered into GLMM with subject-level Gaussian random effects; a negative binomial distribution was assumed for count data.
RESULTS
Participant Characteristics
Participants in the full sample (n = 40) were 59% female, 64% nonwhite, 35 years of age (SD = 11.1), and smoked 14.8 (SD = 6.5) cigarettes/day. Complete and usable data sets were available for n = 37 and n = 30 participants for laboratory and neuroimaging outcomes, respectively (see Supplementary Information for additional screening and demographic information).
BOLD Signal and Subjective Reactivity to Personal Smoking Environments
In-scanner craving ratings. As shown in Supplementary Figure S2 and consistent with our prior research (Conklin et al, 2010) , PSEs elicited greater craving than PNEs (t = 13.5, po0.0001). Although craving was greater in response to smoking compared with nonsmoking stimuli for both standard environments (t = 10.2, po0.0001) and proximal cues (t = 8.76, po0.001), cue-provoked craving (ie, craving in response to smoking versus nonsmoking stimuli) was greater for personal environments than standard environments (t = 2.74, p = 0.008) and similar to that observed for proximal cues (t = − 1.23, p = 0.224).
Hippocampal ROIs. As can be seen in Figure 1 and Supplementary Figure S3 , in each of the HPC ROIs, there was a main effect of CUE, with greater signal in response to viewing smoking versus nonsmoking stimuli ( F's 1,685 43.94, p'so0.05). We also observed significant main effects of CATEGORY in each ROI (F's 1,685 44.0, p'so0.05) generally due to environments (whether personal or standard) eliciting greater activation than proximal cues. Finally, as shown in Figure 1 , in the right pHPC, we found a significant CATEGORY X CUE interaction, F 2,685 = 3.74, po0.024 such that BOLD signal was greater in response to smoking as compared with nonsmoking cues only for personal (p = 0.002), but not standard environments (p = 0.43) or proximal cues (p = 0.24).
Other ROIs. As can be seen in Supplementary Figure S3 , main effects of CATEGORY (F's 2,685 48.7, p'so0.001), reflecting greater BOLD activation in response to personal environment cues, were observed in right vSTR, and in bilateral INS, mPFC, and PC, but not AMG or left vSTR. Main effects of CUE (F's 1,685 48.27, p'so0.005), reflecting greater BOLD activation in response to all smoking compared with all nonsmoking stimuli, were observed in three left hemisphere ROIs-INS, AMG, and mPFC. Finally, as can be seen in Figure 1 and Supplementary Figure S3 , significant CATE-GORY x CUE interactions were observed in left (F 2,685 = 6.87, p = 0.0011) and right (F 2,685 = 5.34, p = 0.005) INS. In these regions, planned comparisons indicated that there was less deactivation in response to viewing PSEs as compared with PNEs (left: po0.0001, right: p = 0.001). Effect sizes associated with the difference in reactivity between smoking and nonsmoking cues for each category are presented in Supplementary Table S3 .
Exploratory whole-brain analysis. As shown in Figure 2 and Supplementary Table 2, viewing PSEs, relative to PNEs, elicited significant BOLD activation in brain areas including bilateral parietal cortex, right temporal gyrus, right insula, right striatum, right supramarginal gyrus, cerebellum, and brainstem. No regions were more activated for PNEs compared with PSEs. BOLD signal was also greater in response to viewing personal smoking compared with standard smoking environments, controlling for effects of nonsmoking environments, in one large cluster encompassing the left insula and putamen. As can be seen in Figure 2 , this cluster overlapped considerably with the a priori insula ROI. Finally, BOLD signal was greater in response to viewing smoking environments (standard or personal) relative to proximal smoking cues, controlling for all nonsmoking stimuli, in bilateral lateral occipital and right temporal areas and right precuneus.
Effects of Personal Environments on Craving and Behavior
As shown in Figure 3 , during the cue-exposure sessions, exposure to PSEs relative to PNEs resulted in greater craving (F 2,180 = 18.32, po0.0001). Smokers reported significantly greater craving while viewing PSEs compared with PNEs in the initial (t = 6.84, po0.0001) and ad lib smoking/ viewing period (t = 4.8, po0.0001). PSEs, relative to PNEs, also resulted in more puffs taken from the first cigarette (F 1,36 = 5.01, p = 0.032), as well as all cigarettes (F 1,36 = 4.37, p = 0.044) smoked during the ad lib period. Latency to first puff did not differ between conditions. Finally, CO boost (post-session CO-pre-session CO) was greater in the PSE compared with PNE condition (F 1,31 = 6.65, p = 0.015).
BOLD Signal-Behavior Correlations
Relations were evaluated between the effects of PSEs (minus PNEs) on smoking behavior (number of puffs from first cigarette smoked) and BOLD signal in response to PSEs (minus PNEs) in a priori pHPC and INS ROIs, while controlling for nicotine dependence level as measured by the Fagerström Test for Nicotine Dependence (Heatherton et al, 1991) . Change in number of puffs (PSE-PNE) was demeaned and log transformed for the purpose of this analysis; and data from one participant was removed following multivariate outlier detection (see Supplementary Information) . As shown in Figure 4 , a significant correlation was observed only for right INS (r = 0.6, p = 0.001). Analyses with craving did not yield significant results in any ROI (r'so|0.33|).
Exploratory Functional Connectivity Analysis
As shown in Figure 5 , one component (IC 7; 4.01% of total variance) was positively associated with a priori INS and pHPC ROIs, parahippocampal cortex, superior temporal gryus, lingual gyrus, and negatively associated with the dorsal striatum. Confirming the functional relevance of this network, we observed a correlation between PSE-PNE changes in number of puffs and intrinsic connectivity of this component with the left INS ROI (r = 0.41, p = 0.03).
DISCUSSION
The results of this study provide the first evidence in humans that exposure to environments associated with past smoking behavior under conditions of abstinence increases brain signal in the posterior hippocampus-a region identified in animal studies as critically involved in the learning and retrieval of drug-environment associations. Moreover, ROIbased and whole-brain analyses implicated additional brain regions in PSE processing, including bilateral insula, parietal cortex, temporal cortex, and striatum. Finally, we observed that PSEs increased number of puffs relative to PNEs, and this increase was predicted by differential brain reactivity to these cues in right insula. Collectively, these findings shed new light on the influence of environments in drug use and have important implications for the development and validation of new treatments for nicotine dependence and other drugs of abuse.
As hypothesized, viewing environments associated with one's personal smoking history, compared with personal nonsmoking environments, resulted in greater BOLD signal in the pHPC. Similar differences in activation in response to smoking vs nonsmoking cues were not observed for proximal cues or standard environments. Our findings that the pHPC is selectively involved in processing information about environmental cues for which there is a personal history of smoking are consistent with animal studies, in which inactivation of the analogous dorsal HPC has been shown to disrupt expression of psychostimulant CPP (Meyers et al, 2003 (Meyers et al, , 2006 and CIR (Fuchs et al, 2005) . These animal studies of learned reward are also consistent with human and animal fear conditioning studies, in which the dorsal HPC has been shown to have a central role in context effects (Alvarez et al, 2008; Bast et al, 2003; Maren et al, 2013; Marschner et al, 2008) . Interestingly and in contrast with pHPC, aHPC exhibited greater signal in response to smoking, relative to nonsmoking, cues regardless of cue category. Collectively, our findings for anterior and posterior HPC are consistent with conceptualizations of functional specialization of the anterior-posterior axis of the HPC (Poppenk et al, 2013; Strange et al, 2014) in which aHPC produces global, gist-like representations (eg, reward vs neutral) and pHPC produces fine-grained, local representations (eg, the specific location of a reward in the environment). Finally, it is worth noting that hippocampus has rarely been identified in prior neuroimaging studies of Figure 2 Differential effects of viewing personal and standard smoking and nonsmoking environments on brain activation-whole-brain, voxel-wise analysis. Selected whole-brain, voxel-wise analyses were carried out. (a) BOLD signal was greater in response to viewing personal smoking environments, compared with personal nonsmoking environments (PSE4PNE) in brain areas including bilateral parietal cortex, right temporal gyrus, right insula, right striatum, right supramarginal gyrus, cerebellum, and brainstem. (b) Activation in response to smoking compared with nonsmoking cues was greater for personal compared with standard environments (personal4standard) in left insula. (c) Activation in response to smoking environments (relative to nonsmoking environments) compared with proximal smoking cues (relative to nonsmoking cues; environments4proximal) was observed in bilateral lateral occipital cortex, right temporal cortex, and right precuneus. All contrasts were evaluated at a clustercorrected threshold of z = 3.1, po0.05. The location of the a priori INS ROIs are noted in Panels a and b by a light blue circle.
cue-reactivity (Wetherill et al, 2013) possibly because studies have largely used proximal or non-environment cues.
Less expected were differential effects of PSEs on brain activation in INS. In both left and right INS, PSEs resulted in less deactivation than PNEs, an effect that was not observed for standard environments and proximal cues. The INS has been proposed as a critical substrate of tobacco use: smokers with insula damage exhibit increased likelihood of quitting smoking Naqvi et al, 2007) ; selfreported craving (Kuhn and Gallinat, 2011; Tang et al, 2012) and cessation outcomes (Janes et al, 2010) are correlated with insula reactivity to proximal smoking cues; and inactivation of insula decreases proximal cue-provoked nicotine seeking in rodents (Forget et al, 2010; Pushparaj et al, 2013) . Less is known about the role of the insula in contextual drug effects; however, in a recent study, insula inactivation in rats led to disruption of amphetamine CPP (Contreras et al, 2012) .
We also observed that right INS activation in response to PSEs (minus PNEs) was correlated with the number of puffs smokers took while viewing PSEs (minus PNEs). Interestingly, the a priori ROI in which this effect was observed was based on a meta-analysis which found high correlations between cue-provoked craving and brain reactivity to smoking cues in right dorsal anterior INS (Kuhn and Gallinat, 2011) . Collectively, these data, along with activation of INS by PSEs and correlation between INS intrinsic effective connectivity with PSE-induced smoking behavior, provide strong support for a role of the INS in supporting drug-taking behavior provoked by exposure to drug environments. To our knowledge, these findings are the first direct demonstration of a link between cue-provoked changes in brain function and cue-provoked changes in smoking behavior.
Conceptualizations of the INS in addiction focus on its role in interoception and motivation, and the anterior insula (the location of our ROI) specifically has been proposed as a site for integrating external information about drug availability with affective and interoceptive representations of drug effects Figure 3 Differential effects of viewing personal smoking and nonsmoking environments on craving, smoking behavior and breath carbon monoxide. The effects of viewing personal smoking and nonsmoking environments are shown for craving, smoking behavior measures (no. of cigarettes smoked; no. of puffs) and boost in breath CO levels. Viewing personal smoking compared with nonsmoking environment cues (PSE vs PNE) resulted in significantly greater cueprovoked craving, higher number of puffs taken, and an increase in breath CO boost. Figure 4 Association between task-related insula activation and the effects of personal smoking environments on smoking behavior. Shown is a positive association between the effects of exposure to personal smoking environments (minus nonsmoking environments) on right insula (INS) activation and on log-transformed number of puffs. This effect was observed after controlling for severity of nicotine dependence (as measured by the FTND) (r = 0.60, p = 0.001). Although not identified as an outlier, the removal of one participant with a relatively large decrease in smoking reduces the correlation to r = 0.54, p = 0.005, two-tailed.
to motivate and guide drug seeking behavior (Naqvi et al, 2014) . Consistent with this, our current results strongly implicate PSEs in setting the stage for smoking behavior and point to the insula as a key determinant of their behavioral impact. Our whole-brain exploratory analysis of activation specific to PSEs, further implicate a network of brain regions with roles in attention (parietal cortex), memory (temporal cortex), and reward (striatum) in the processing of these cues.
Strengths of the study include the integration of diverse methods, testing of hypotheses among a priori ROIs and within-subjects design. One important limitation of the study is that nonsmoking environments, whether personal or standard, represent a CS-, or negative predictor of smoking; as such, our paradigm lacks a neutral stimulus control condition. Thus, observed effects of nonsmoking environments may represent the inhibition of activation and behavior rather than a non-or neutral-response. We conducted a whole-brain exploratory analysis that did not reveal clusters of activation in response to personal nonsmoking4smoking environments; however, further study of the influence of nonsmoking environments is warranted. Related to this, while we attempted to control for differences in picture quality and composition by using validated and standardized methods for identifying and photographing locations, there may have been systematic differences between smoking and nonsmoking locations (eg, physical factors such as lighting) and the availability of other reinforcers (eg, alcohol or social interaction). Although such variability represents natural differences in the smoker's environment and thus increases the ecological validity of the study, and whereas we attempted to control for such factors by inclusion of standard smoking and nonsmoking environments, further analysis of these issues is warranted. Moreover, we did not manipulate personalization of proximal cues. Although such stimuli would presumably be less ideographic than environments, it would be worthwhile in future studies to examine this question. Other limitations include a non-treatment seeking sample (which limits generalizability to clinical samples of smokers interested in quitting), testing that was conducted only during abstinence which might limit generalizability to other drug states including long-term abstinence, and a narrow focus on context as the physical environment, to the exclusion of both internal (eg, withdrawal, stress) and other external (eg, social) contexts.
Implications and Summary
Animal models have provided a wealth of data on the behavioral and neuropharmacological bases of drugenvironment effects. The current study validates a paradigm for studying these effects in clinical samples by demonstrating parallel neural circuitry and behavioral responding. As such, our human-subjects paradigm can be used to screen compounds effective in attenuating contextual reinstatement in animals (Napier et al, 2013) . In addition, our data demonstrate that environmental cues elicit brain activation that differs in important ways from proximal cues, suggesting these cues may be critical to include in therapies seeking to extinguish or dampen conditioned responding. Finally, our data provide important new evidence in a clinical sample that environments associated with prior drug use are critical factors in drug craving and use.
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